This was an investigation to characterize seasonal and spatial distribution of particulate organic matter (POM) in the surface water of Lake Victoria at Speke Gulf, by using carbon-13 and nitrogen-15 isotopic signatures. Speke Gulf is under the influence of terrestrial inflow through river Simiyu. The POM from the lake surface water had higher C:N ratio values decreasing towards the deeper lake water, an indication of decreasing nitrogen content relative to carbonic materials. Samples away from the river mouth provided C:N ratios within the Redfield ratio range (C:N:P; 106:16:1) indicating materials of phytoplanktonic origin. The POM isotopes composition indicated a maximum δ 13 C value of −21.2‰ close to the river mouth and lowest value (~ −25‰) away from the river influence. The δ 15 N maximum (14.7‰) was observed near the river mouth with lower values (5.8‰) found in deeper waters away from the river mouth. Overall, there was a general decrease of 13 C and δ 15 N values from shallow water to deeper water. There was higher δ 15 N value dispersion (std. Dev. ±3.4‰) compared to δ 13 C values with std. Dev.±1.2‰. These values also varied with seasons, a phenomenon showing significant influence of land run off on the lake elemental distribution, carbon and nitrogen in particular.
INTRODUCTION
In natural ecosystems the transfer of organic matter from one reservoir to another is an important way for both element and energy transfer, this helps to supplement deficits to where there are insufficient. This observation also applies to the importance of exogenous organic matter input which subsidizes endogenous nitrogen and carbon deficit in different ecosystems. However, the availability of endogenous and exogenous elements in any ecosystem is understood to be dependent on the utilization (internal cycling) and transfer rates of ecosystems as exogenous carbon has been thought to bring about various negative consequences to ecosystems including consequences on population dynamics, predator-prey relationships and ecosystem processes (Polis et al., 1997) . Also, it has been cited that exogenous inputs provide resources that may enhance consumer abundance beyond levels supported by within-system primary production (Nakano and Murakami, 2001) . In general the exogenous elements have been identified to affect the cycling of elements in another ecosystem. Another example of such elements is nitrogen which has been reported to inhibit some activities of decomposers in ecosystem especially when it is continuously flowing (Aber and Melillo, 1980) . These changes may cause disturbances resulting to negative effects on the cycling ability of various elements in aquatic ecosystem.
The terrestrial and aquatic environments are typical examples of ecosystems portraying interactions which involve elemental transfers and this is the most extensively explored ecosystem interactions both in freshwater and marine environment. Whereas marine-terrestrial interactions have been dominated by the significance of mangrove ecosystem in the cycling of elements (Fleming et al., 1990; Dehairs, et al., 2000; Bouillon, et al., 2002) . Freshwater-terrestrial interactions are diverse due to different plant colonisation along river systems (De Brabandere et al., 2002; Cloern et al., 2002; Lawson, et al., 2004; Pace et al., 2004) . For large water bodies like the Lake Victoria, such interactions are similarly diverse and the movement and cycling of elements influence the biological communities of the lake and need to be explored. Given the importance of carbon and nitrogen in the aquatic productivity, it is important to understand their movement and interaction among different ecosystems.
In recent years, the Lake Victoria environment has indicated deterioration characteristics. Observations have indicated appearance of massive blooms of algae dominated by the potentially toxic blue-green species (Sekadende, et al., 2005) and water transparency index has been reported declining from five meters in the early 1930s to one meter or even less for most of the years in the early 1990's (Klohn and Andjelic, Online) . These changes are causing other secondary impacts to the lake environment like the increase of water-borne diseases frequency due to water quality deterioration (Lung'ayia, et al., 2001) . In aquatic environments, these changes are mainly controlled by carbon and nitrogen which are the major elements controlling primary productivity. Similarly, in Lake Victoria, the two elements have been assessed for their importance in supporting the lake's productivity (Gichuki et al., 2001; . The two elements are transported in form of particulate organic matter (POM) and dissolved forms, depending on biological processes taking place before reaching the lake. The above environmental changes which are observed in the Lake Victoria are biological responses resulting from various physical and chemical changes, but there have been limited investigations to explain these phenomena and especially how seasonal and spatial composition changes of the two important elements in the lake (C and N) are connected to the observed biological responses.
In this study, stable isotopes composition in suspended particulate matter (SPM) was used to establish temporal and spatial distribution of carbon and nitrogen. The interaction of these two elements between terrestrial and the Lake Victoria were explored by comparing sampled SPM from different points of the lake water. This is an investigation based on the isotopic ratio (signature) concept which has been used to establish the origin of biogeochemical material in various systems (Ostrom et al., 1997; McClelland and Valiela, 1998; Riera et al., 2000) in relation to their carbon pathways. For example, Fry and Sherr (1984) reported that vascular plants using the C3 photosynthetic pathway have δ 13 C between -31‰ and -26‰) whereas C4 salt marsh plants ratio is between -16‰ to -12‰). Oceanic phytoplankton are reported to have intermediate δ 13 C values close to -21‰.
Carbon and nitrogen ratios (δ 13 C and δ 15 N) values in the lake environment can as well be used to indicate the origin of organic material. The ratios were therefore used to present the differentiation and interactions of the two ecosystems, Lake Victoria and Simiyu River by comparing two elements, carbon and nitrogen isotopic signatures of the organic matter sampled from the lake surface water. Simiyu River is one of the important river systems in the Tanzanian part of Lake Victoria. Like many other river systems of the Lake Victoria region, the river basin has been under agricultural activities (Scheren, et al., 2000; Tamatama, 2004) which have systematically affected its smooth water flow to the Speke Gulf of Lake Victoria. This has an effect to the riverine elemental fluxe as more particulate matter resulting from these activities are being transported. We explored seasonal and spatial distribution of the organic material in the lake surface water and present possible effects to the elemental distribution in the lake.
MATERIALS AND METHODS Study area and sampling
Samples for this study were collected from Speke Gulf, receiving terrestrial inflow from Simiyu River. Simiyu river originates from a vast catchment area of about 10,800 km 2 (Rwetabula and De Smedt, 2005 ) with tributaries forming a single entry to Lake Victoria ( Figure 1 ). Personal communication to local people explains that in the past, the Simiyu River maintained notable annual water flow however, the current situation observed during this study, showed reduced and stagnant water pools during dry months of the year (June -August) and significant water discharge only during the rainy season (March -May). This is explained to be associated with agricultural activities being undertaken along the river basin and reduced rainfall in the region due to climatic changes in the region (Swenson and Wahr, 2009; Awange et al., 2007; 2008) . Sampling of surface Lake water was done during periods of high runoff (MarchApril) and periods of low runoff (JuneAugust) in 2007 -2009 . Fifteen sampling stations were selected along a straight transect from the river mouth ( Figure 1 ) at a distance interval of approximately 100 meters. The coordinates of each station were recorded for reference purposes during sampling. All samples were taken using plastic containers then filtered for recovering suspend particulate matter (SPM) on precombusted (at 450 °C for 8 hours) GF/F filter paper which was used for determination of C:N ratios.
Determination of C to N ratios
The elemental ratios of carbon and nitrogen (C:N) were computed from the particulate organic carbon and the particulate organic nitrogen (POC and PON) analyses values using a Carlo Erba NA 1500 C/N analyser (Pella, 1991) . The suspended particulate organic matter from the water sample collected by filtration explained above were dried at 50 °C oven temperature for 24 hours followed by acid fumes (HCl) treatment of the sample to eliminate inorganic contaminants. Samples were then enclosed in tin cups before the combustion process which led to the production of carbon dioxide and nitrogen gases, simultaneously. The separation of carbon dioxide and nitrogen gases was done by a gas chromatographic column (Porapak QS) and measured by thermal conductivity which are all integrated in the analytical machine (C/N analyser).
Isotopic composition analyses
Isotopic ratios were calculated from isotope compositions of samples which were analysed by mass spectrometric method using a Delta E Finnigan Mat dual inlet isotope ratio mass spectrometer. The ratio calculations were developed by comparison with standard samples for the two isotopes, which were ammonium sulphate for nitrogen standards and glucose for carbon standards all treated in similar manners as the samples explained before. Values were expressed relative to Vienna Peedee Belemnite standard (VPDB 
RESULTS
The difference in the isotopic signatures shown in Figure 2 differentiates two environments: one dominated by organic materials of terrestrial origin and the other dominated by those internally generated, i.e. of phytoplankton origin as was observed during low runoff season. It was observed that the isotopic ratios of carbon and nitrogen (i.e. δ 13 C and δ 15 N) increased towards the river mouth implying that the values decreased from shallow water, close to the river mouth to deeper water, away from the river mouth influence (Figure 2) . The results indicated a maximum δ 13 C value of -21.2‰ (±0.05‰) and a minimum value of -25.0‰ (±0.09‰). Meanwhile, the maximum δ 15 N value was 14.7‰ (±0.41‰) whereas the minimum value was about 5.8‰ (±0.8‰). Obviously, samples from the river mouth had more signals of terrestrial organic matter compared to samples from deeper water. In other words, the indication is that organic matter of terrestrial origin have significantly higher δ 13 C and δ 15 N values compared to those internally generated organic matter (of phytoplankton origin). The differentiation of composition was also done by establishing the C:N ratio values of samples for the two different seasons (rainy season and dry season). The results indicate that the ratio values were generally decreasing from the river mouth to deeper water ( Figure  3) . During high runoff, the sampling station 1 (at the river mouth) recorded ratio value of 19 and decreased to 18.7 at station 2. The ratio decrease continued to 17 and 16 between station 3 and 4. A slight increase was observed at station 5 but the general trend was decreasing reaching a minimum value of about 10 at sampling station 15, in deeper water. Similar trend was observed during low runoff (dry season) where from the river mouth the highest ratio value observed was 19.6, slightly higher than that of samples during high runoff. Again, the ratio showed a decrease towards deeper water and the lowest ratio value observed at station 15 was about 7, a value lower than the lowest value observed during high runoff.
Although there were similarities in the ratio trend, one significant difference is the slow decrease of the ratio values which were observed during high runoff period. It is observed that during high runoff, samples from stations 6 to 12 showed values that were above the Redfield range of 6 -12 (commonly accepted range; Figure 3 ). This trend continued and only sampling stations 13 to 15 showed values within the Redfield ratio. A different observation was made during low runoff season, samples from station 9 -15 were within the Redfield range. This was a notable difference implying that during low runoff, phytoplanktonic organic matter appeared close to the river mouth compared to the situation observed during high runoff season.
The isotopic ratio values shown in Figure 4 give a close relationship of the two ratio values during high runoff and low runoff seasons. The high runoff season showed δ 
DISCUSSION
The results indicate that the organic particulate matter of terrestrial origin has higher δ 13 C and δ 15 N values compared with that of lake water origin (internally generated). The isotopic ratios of carbon and nitrogen have shown variation from shallow water to deeper water, which is considered to be as a result of differences in the isotopic composition of particulate matter from terrestrial environment and that internally generated lake organic materials. These emphasise the differences between the two sources of elements as has been indicated above. With this observation, the pertinent question is on the consequences of such inputs especially as it has been raised by some authors cited herein above (Polis et al., 1997; Nakano and Murakami, 2001; Aber and Melillo, 1980) . The isotopic composition clearly shows the difference of the two environment (terrestrial and Lake Victoria aquatic environment) although are constantly mixing-up through river flow. From the isotopic ratios, it is clear that the lake biological ecosystem eventually segregates itself to regain the biologically natural atomic ratio as observed from the C:N ratios of the organic particulate matter in Figure 3 . The use of isotopic ratios has shown that, phytoplankton materials have lower values of δ 13 C and δ 15 N compared to nonphytoplanktonic materials as is shown in Figure 4 , where the surface water The abundance of phytoplanktonic organic matter away from the river mouth compared to water close to the river mouth can be interpreted to be a result of the current understanding that probably phytoplankton communities cannot easily assimilate the available exogenous elemental materials (Wetzel, 1995; Cyr and Pace, 1993) . However, alternatively water turbidity may be one of the major factors affecting the distribution of phytoplankton by affecting light penetration and therefore poor phytoplankton growth near the river mouth. This problem is exaggerated during high runoff as the river input and turbidity reaches deeper water diluting the dominance of phytoplanktonic organic matter in the area despite the possible high nutrient availability, which is a characteristic at all areas under river flow influence. The ecological impacts under such scenario can be extended to biological productivity of the lake since conditions like light penetration may become a limiting factor and consequently carbon and nitrogen distribution in the lake. It is similarly important to note from the distribution that terrestrial input may actually affect the lake environment since the biological communities (the phytoplankton) are always at their natural C:N ratio (Redfield ratio). This implies that constant input of exogenous matter becomes useful only when there is enough time for other biological processes like mineralization to take place. However, it is important to note that excessive input of organic materials is likely to destabilize the gulf ecology due to higher availability and stability of carbon in organic matter. This is not the case for nitrogen which is highly labile in aquatic environment and because of that, it is showing higher variation as exemplified by the standard deviation.
Conclusion
From these observations, we can conclude that, there is an obvious diversity of isotopic signatures of both carbon and nitrogen with seasons which implies that Lake Victoria organic matter input at Speke Gulf follows the intensity of river discharge and consequently, on the composition variation of the riverine materials. This makes necessary to monitor activities undertaken in the river basin. As supported by literature, Simiyu River basin is increasingly subjected to agricultural activities which subsequently influence the nature and type of organic matter being transported. This condition needs to be abated by limiting agricultural activities in the basin which seem to exacerbate the organic matter inflow problem. The traditional known advantage of river flow which brings nutrients and carbon sources from terrestrial environment is important to be monitored. However, this study shows that not all elements can be of similar use in the environment. Here carbon is shown to be resistant with long resident time than nitrogen therefore conservation of environment is necessary so as to enhance biological activities which are necessary in managing these elements especially the most labile like nitrogen. Apart from these two monitored elements (carbon and nitrogen) there, it is necessary to undertake more investigations on other inputs of elements especially agriculture-associated pollutants which are likely to be highly affecting this environment and other parts of the lake. This subject needs further investigation so as to understand the kinetics of elements from different sources including atmospheric depositions, which are all considered exogenous in the aquatic environment.
